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In thie work we prescnt experimental evidence concerning excitation
of higher harmonics in the presence of an ion acoustic wave instability.
This instability may be excited by electrons of the plasma having a
1)

shifted Maxwellian distribution( due to their drift motion,

We excite this instability in a magnetized argon plasma column. The
schematic diagram of the experimental set-up is shown in figure 1. The
plasma is produced by means of a hot-cathode K negatively biased, while
grids G1 and GZ are kept at ground Potential. Some of the plasma drifts
into the equipotential volume between grids G1 and G2 forming a cylirdri-
cal column 2. 2 cm in diameter and 4. 7. cm long. The magnetic field is
kept constant at 110G and is used only to confine the plasma and reduce
the losses to the walls, The cffect of the magnctic field on wave frequency
was very small due to the changes in the plasma column diameter. For
the production of the plasma we use argon gas at pressures l}x Hg = Pa = 3‘qu.
Our operating conditions are 11\‘-.'.1011cm-3, kB Teo2eV. The measure-
ments are performed by a double probe D, P,

The ion-acoustic-wave instability is excited by the drifting clectrons
in the plasma. The drift motion of the electrons is caused by the d. c.
electric field, between the cathode and the grids, that drives an glcctron
current through the plasma. Electron drift velocity is estimated to be
about 4 x 106 em/sec. Inside the volume between grids Gl and Cv2 the

wave has to fulfill the boundary condiiions imposed by grids Gl’ (32 and

the cylindrical boundary of the plasma.
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20, Abstract Thtt efforc presents experimental evidence of the excitation of
ﬁ\igber harmonics in the presence of an ion-acoustic wave stability. This irs tabil-

ity was excited in an argon plasma column which was produced in a magnetic field
jof 110 Gauss. ? pregsure of the plasma was between }, Hg and 3miig wich an
ion density of 10!l and an electron temperature of‘2 eV. The fg; acoustic wave

£ the D.C. electric field between the cathode and two grids which are kgpt at
round potential. The electron drift velocity was estimated to be 4 x 10%cm/sec.

e low frequency oscillations were detected by a langmuir probe and analyzed by a
oramic spectrum analyzer. With cathode potential of 100v and 160v anode currents
re 1.0 and 1,6A respectively. At 200v the anode current was 1.8A.

is excited by the drifting electrons in the plasma. The drifc motion is the result




-2 .

The low frequency oscillations are detected by 2 Langmuir
probe L. P, and they are analyzed by a panoramic spectrum é

analyzer.

13,

Under certain discharge conditions, the ion-acoustic-wave |

instability becomcs very strong and a number of modes are

e i

excited in the cylindrical plasma section, Figure Z(a) sshows

two typical photographs of our wave with weak Z(al) and strong

i bt e il

2(32) harmonic generation, uncer discharge conditions of a
cathodc potential of 1060V and 160V and an anode current of 1A and

1. 6A, respectively, By varying the driving current we can vary

the amplitude of our wave and through this the weaker or stronger LA

genecration of the harmonics. So we have found that there is a
critical value in the amplitude of our fundamental in the vicinity
of which the amplitude of the harmonics increases very rapidly

becoming comparable to the amplitude of the fundamental. Figure

Z(b) shows a typical spectruin of such a case,analyzed by the spectrum

]
analyzer, for discharge conditions of a cathode potential of 200V and

an anode currcnt of 1, 8A.
By measuring with the Langmuir probe L, P, proper biased
the d.c. and a.c. currents, we can {ind the (5;? )m of the ¢,
(o]
' - : = .3 ony _ m !
fundamental (m = 1) and the harmonics (m=2,3,...), taking (o )m-( ; ). |

: 4 In figure 3 we have a plotting of (—f)m for m = 2,3 and 4. versus

Sn
('-;- )1 . We can see that the critical value is somecthing between

&n
0'8'57(”1?1-1“.'s 0 9-

Making the assumption Ti = T ® 300°K,at the operating

neutrals
pressures we have for the collision frequencies the following values:

-1 -1
The ion-neutral collision frequency(z) is 4 x 103scc =) inﬁ 1. el e 0
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and the clectron-neutral collision frcquency‘” is 3. ,,,loosec -1 ‘.(:\)Fn

= 9. 06x106scc-1. '
Under our operating conditions the elcctron drift velocity is

large enough to overcome the collisional damping due to ion-

‘neutral collisions, as well as the Landau damping which is

negligible for T. ((Te Actually the imaginary part of the wave-

numbes it given by the formula( ),

ks ~'\Z)‘: * Z‘)‘us )z‘.( )cf?Q )(:2.;:)3"2( 1’1&‘5”

kTe

(m,
1

1/2 5 cm

where u = )" T =2,2x10 v is the ion-sound velocity

and u, is the drift velocity along the direction of wave propagation
eﬂ,m‘“‘,ﬂa the erxaiution ug’ the s Qecnnutie 1mstabe dty,

So, for 4x10 sec” & Vin‘-'-:- Ao 2'x104sec‘1 we {ind -0. 23cm_}.‘/-:kif= -0. Zlcn;l.

c Under our experimental conditions electron neutral collisions do
not prevent the trapping of the electrons in the ion-acoustic wave

completely, since UJge:.\; o )(Q“)J ) 18 greater than
b [J)
k T

Vo=

S
off 2 for "f Z 0, 0] (5) Under these conditions

en

onc might cxpect that thc instabilily would saturate when electrons

were trapped by the ion-acoustic wave, and the distribution function
: . (6)

was flattened over the region where the electrons were trapped' ',

This saturation level is low enough and has been observed to be of

n ., (7 , .
the order of " 0,1V 7, But in our case this never happens and

the electron distribution function does not flatten, so our wave

continuously absorbs energy from the electrons and we have strong

e e .
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excitation of the ion-acoustic instability incide the cylindrical

plasma section beiween grids G, and GZ up te a level of Sn/n‘.io. 9.

i
The reason for this is due to the {act that in cur case we have a
standing wave, The component cf the standing wa ve propagating

in the dircction from G1 to G2 interacts sirongly with the strcarsing
clectrons and absorbs cnergy from them, while the other component
propagating in the opposite dircciion gives less energy to the electrons
such that the nect balance is absorption of energy. On the other hand
the streaming electrons interacting with the component of the

standing wave propagating in the direction G 1 to G, terminate their

2

interaction with the wave on the grid G, leaving the system before

2

are completely trapped by the wave, while the latter is reflected

back on G, and after a sccond rcflection on Gl interacts again with

2
new electrons entering into the system through the grid Gl and so on,

The most interesting part of the experiment is the 2hove mentioned
strong excitation of the ion-acoustic wave instability, Because of
the strong cxcitation our initial wave steepens and breaks and strong
harmonic generation occurs due to the mechanism of wave-wave
interaction. This point has been considercd in a recent work hy

(6) _ i .

Dawson et al'\"/, They have showed that for perturbations, such

&n

~

that o N(k-BD)Z = 3. 95x10-4, propagating in a collisionless cold-

ion plasma strong harmonic generation occurs. They Love also

S
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8
showed that when --:f- 790.5 ion trapping takes place. Thus, we
have excitation of sideband waves due to the oscillations of tie

ions in the potential trough of the large amplitude ion-acoustic

. L0 :
z X = | 2 Eu ka )‘{"3 é\'x' L s )
wave. Since now (s),s,}.‘ ( o -( ) -3 then for

( —;1'-1)7_:,0 g we have @ i = 0. 95W, which mears that for very

B

strong excitation of the fundamental the sideband waves must be

very close to the barmonics. This effect gives an explanation to

the abrupt rising of the harmonrics as Sn/n approaches unity since

the bounce frequency approaches the fundamental and the side band

frequencies coincide with the favored eigen frequencies of the

cylindrical plasma scction.

This work was presented by Mr. N, Karatzas at APS Mecting
(Plasma Physics Division) held in Philadclphia, USA

31 October-3 November 1973),
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Figure Captions

Figure 1

Figure 2(a)

2(b)

Figure 3
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l_"{xf.r?:v.evc:_ Gencrated Plasina '\iod%'xcd Q- kachine)

A microwave generated plzasma has been developed and set into
operation very recwatly,

The plasma is generated by @ raicrowav. geacrafor operating
at 2.4 GHz and maximwmn po.: .o output 1206 waits, The plasma is
confined by a highly stabilincd magnetic field set properly so that
the clectron cylotron {requency to be onfor near the microwave
gencrator frequency, The coupling of the microwav. power with the
plasma is performed through a coil or a coaxial linc according to the
cxperimental requircinents, The adhieved coupling rcaches ¢0%.

As working gases we have used Argon or Helium and the achieved
plasma densities arc about 1011 pa rticles/cm3, while elcetron tempe-
ratures of a few €Y bave been mecasared. The length of the plasma
column is about 130 ¢cm aud the density is quite uniform over a cross-

scctional area of 3 ¢m in diamcicr,

The plasma scems to be quict g rpmy » oo g Toe s Sumvaise o

Py o 00° ©8an&oo

with the exception of some low frequency waves obscrved near the ion
cyclotron barmenics under certain controlled conditions,

Thc operating pressures are about 10.5 Torr and the ion-neutral
and elcctron-neutrzl ccllisions are of the order of \)int:’« 40 scc.1 and
Vo 3x1 Oésec.1 respectively, The machine is particularly useful

for the study of non-linear phenomnena connccted with jon-waves which

consiststhe mnain activity of our laboratory.
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